Male Sprague-Dawley rats were fed control diet or diet containing 0.05% nafenopin (NAF) or 0.025% WY-14,643 (WY) and male Syrian hamsters were fed control diet or diet containing 0.25% NAF or 0.025% WY for periods of 1, 15, 40, and 60 weeks. Both NAF and WY produced a sustained increase in liver weight and induction of peroxisomal fatty acid n-oxidation in the rat and Syrian hamster. Replicative DNA synthesis was studied by implanting osmotic pumps containing 13HI thymidine during weeks 0-1, 14-15, 39-40, and 59-60. Cell replication, determined either as the hepatocyte labelling index or by incorporation of radioactivity into liver whole homogenate DNA, was increased in rats given NAF and WY for 1 week. However, only WY produced a sustained increased in cell replication after 15-60 weeks. After 40 weeks, liver nodules and tumors were present in WY-treated rats, and these lesions were observed in all WY-treated and some NAF-treated rats after 60 weeks. In contrast to the rat, no marked effect on replicative DNA synthesis and no liver nodules and tumors were observed in Syrian hamsters given NAF and WY for up to 60 weeks. The rat study demonstrates that liver tumors are produced more rapidly by doses of peroxisome proliferators that produce a sustained stimulation of cell replication, whereas the hamster study suggests that species differences may exist in both peroxisome proliferator-induced cell replication and liver tumor formation.
Introduction
A wide variety of compounds including herbicides, plasticizers, industrial chemicals, natural products, food flavors, and hypolipidemic and other types of therapeutic agents have been found to enlarge the liver, cause hepatic peroxisome proliferation, and induce peroxisomal and microsomal fatty acid oxidizing enzyme activities in rats and mice (1-5). Although peroxisome proliferators are not mutagenic in various short-term tests and do not appear to bind covalently to hepatic DNA after in vivo administration (6) (7) (8) , sev- eral of these compounds have been shown to increase the incidence of liver tumors in rats and mice (1,2,9,10). Indeed, Reddy and co-workers have suggested that peroxisome proliferators constitute a novel class of chemical carcinogens (10) .
Because peroxisome proliferators appear to be nongenotoxic carcinogens, it has been suggested that liver tumor formation arises from a sustained "oxidative stress" to the hepatocytes due to an imbalance in the production and degradation of peroxisomal hydrogen peroxide (2, (6) (7) (8) (9) . This imbalance is due to the fact that peroxisome proliferators markedly stimulate enzymes of the peroxisomal fatty acid f-oxidation cycle (which generate hydrogen peroxide), whereas only a small increase is observed in catalase activity, and selenium-dependent glutathione peroxidase activity is normally inhibited by these chemicals (7, 8, 11, 12) . Although some evidence has been obtained for the oxidative stress hypothesis (7, 8) , other workers have suggested that peroxisome proliferator-induced hepatocarcinogenicity may be due to alternative mechanisms including the sustained stimulation of replicative DNA synthesis and the promotion of spontaneously formed preneoplastic liver lesions (13, 14) .
Peroxisome proliferator-induced liver enlargement in rodents is due to both hepatocyte hypertrophy and hyperplasia (2) (3) (4) . In addition to the initial burst of hepatocyte replication observed in the first few days of treatment with peroxisome proliferators, in some studies a sustained stimulation of hepatocyte cell replication has been observed (13, (15) (16) (17) (18) .
The purpose of this study was to further investigate the relationships between hepatic peroxisome proliferation, cell replication, and liver tumor formation in the rat and Syrian hamster. The Syrian hamster was selected because it is less responsive than the rat to a number of peroxisome proliferators including clobuzarit (19) , clofibrate (20) , di-(2-ethylhexyl) phthalate (20) , LY 171883 (21), and nafenopin (22) . In addition, there is a paucity of information on the effects of peroxisome proliferators on hepatic cell replication and tumor formation in the Syrian hamster. The two peroxisome proliferators (for structures see Fig. 1 (Fig. 2A) . Relative liver weight was also significantly increased in Syrian hamsters fed diets containing either 0.25% NAF or 0.025% WY (Fig. 2B) . In both species, WY produced a greater increase in relative liver weight than NAF after 15, 40 and 60 weeks of treatment.
Peroxisomal (whole homogenate cyanide-insensitive palmitoyl-CoA oxidation) fatty acid n-oxidation was markedly induced by both NAF and WY administration to the rat (Fig. 3A) and Syrian hamster (Fig. 3B ) at all time points. Although enzyme activity (nmole/ min/mg protein) was induced to similar levels in both species (Fig. 3A,B [3H] thymidine incorporation into hepatic DNA, was significantly increased in rats given both NAF and WY (Fig.  4A) . However, after 15, 40, and 60 weeks of treatment, hepatic DNA radioactivity levels were still significantly increased by WY, whereas NAF had no effect. In contrast, in the Syrian hamster, neither compound produced a significant increase in hepatic DNA radioactivity levels at any time point (Fig 4B) .
Replicative DNA synthesis, as assessed by the hepa- tocyte labelling index (LI), was significantly increased in the rat to 580 and 535% of control levels by treatment with NAF and WY, respectively, for 1 week ( Fig  5A) . However, after 15 (Table 1) . However, macroscopic liver lesions were present in all WY-treated rats after 40 and 60 weeks and in 73% of NAF-treated rats after 60 weeks. In contrast to the rat, no macroscopic liver lesions were observed in control, NAF-, and WY-treated Syrian hamsters at any time point (Table 1) . Histological examination of liver sections from control and NAF-treated rats after 40 weeks revealed no abnormalities, whereas basophilic foci and nodules were observed in liver sections from all WY-treated rats. In addition, areas of adenoma and carcinoma were identified in liver sections from some WY-treated rats. No abnormalities were observed in liver sections from control rats after 60 weeks, whereas liver sections sented as means ± SEM (n = 5-7). Values significantly different from controls (**) p < 0.01; (***) p< 0.001. from all WY-treated and most NAF-treated rats contained basophilic foci and nodules together with areas of adenoma and carcinoma.
Histological examination of liver sections from control hamsters after 40 and 60 weeks revealed no abnormalities, whereas slight cellular hypertrophy of periportal hepatocytes was observed in liver sections from NAF-and WY-treated hamsters. No peroxisome proliferator-induced liver foci, nodules, adenomas or carcinomas were observed in this species. However, after 60 weeks in WY-treated but not in NAF-treated hamsters, some fatty vacuolation of periportal hepatocytes and slight bile duct proliferation was observed.
Discussion
These results demonstrate that the chronic administration of both NAF and WY results in a sustained increase in liver weight and induction of hepatic peroxisome proliferation (as assessed by palmitoyl-CoA oxidation) in the rat and Syrian hamster. Although these data confirm the results of previous rat studies (1-4, 12,13) they extend the findings of previous hamster studies (19) (20) (21) (22) 25, 26) where peroxisome proliferators were administered for much shorter periods ranging from 2 to 6 weeks. In the rat, both peroxisome proliferators produced a similar magnitude of induction of hepatic peroxisome proliferation, but had different effects on hepatic replicative DNA synthesis. Although both compounds stimulated hepatic replicative DNA synthesis (assessed either as the hepatocyte labelling index or as incorporation of [3H] thymidine into whole homogenate DNA) during the first week of treatment, only WY produced a sustained stimulation throughout the remainder of the 60 weeks of administration. In addition, WY produced liver nodules, adenomas, and carcinomas within 40 weeks, whereas these liver lesions were only observed after 60 weeks of NAF administration. As such, these results are in agreement with those of a previous 1 year study conducted in F344 rats with di-(2-ethylhexyl)phthalate and WY (13) . Although both compounds produced a similar magnitude of induction of peroxisome proliferation, only WY produce a sustained stimulation of cell replication and liver tumors after 1 year of treatment. Thus, from the results of the 1-year study and the present study, a similar magnitude of induction of hepatic peroxisome proliferation in the rat does not necessarily result in a similar time course of liver tumor formation. Rather, liver tumors appear to be produced more rapidly by doses of peroxisome proliferators that produce a sustained stimulation of cell replication in this species.
In agreement with previous studies on species differences in hepatic peroxisome proliferation (19) (20) (21) (22) , the magnitude of induction of palmitoyl-CoA oxidation was greater in the rat than in the Syrian hamster. However, although hepatic peroxisome proliferation was observed in both the rat and Syrian hamster, species differences in the hepatic effects of NAF and WY were also apparent. For example, neither compound significantly increased replicative DNA synthesis in hamster liver at any of the time points examined. In a comparative study of acute hyperplasia induced by methylclofenapate, a potent peroxisome proliferator and hepatocarcinogen (2, 3) , Styles and co-workers (27) observed a marked effect in rat and mouse liver, but only a small effect in Syrian hamster hepatocytes. Clearly, the Syrian hamster is much less susceptible than the rat to peroxisome proliferator-induced hyperplasia, and in the present study morpholocial examination of liver sections indicated that the increase in liver A second important species difference observed in this study is that, although both NAF and WY produced liver nodules, adenomas and carcinomas in the rat, no such peroxisome proliferator-induced liver lesions were observed after 60 weeks of treatment in the Syrian hamster. This observation suggests that the Syrian hamster is more resistant than the rat to peroxisome proliferator-induced hepatocarcinogenicity and, indeed, that species differences may exist in both hepatic peroxisome proliferation and liver tumor formation.
Several hypotheses have been proposed to account for the formation of liver tumors by peroxisome proliferators in rats and mice (2, (6) (7) (8) (9) (13) (14) . If these hypotheses are combined, a role for increased cell replication in peroxisome proliferator-induced hepatocarcinogenicity may be identified. For example, if hepatocytes are transformed either by oxidative stress-induced damage (2, (6) (7) (8) (9) or spontaneously (14) , such initiated cells could be promoted into liver tumors by enhanced cell replication (13) . Certainly the present rat study with NAF and WY supports the concept that liver tumors are produced more rapidly by doses of peroxisome proliferators that produce a sustained stimulation of cell replication. In contrast, no marked induction of replicative DNA synthesis and no liver tumors were observed in Syrian hamsters given five times and the same dietary level of NAF and WY, respectively. Because hepatic peroxisome proliferation but not cell replication may be observed in the Syrian hamster, this species may be suitable for further studies aimed at establishing the respective roles of peroxisome proliferator-induced oxidative stress and enhanced cell replication in the hepatocarcinogenicity of peroxisome proliferators. Finally, in keeping with our previous suggestions (20, 22) , because the Syrian hamster is less responsive than the rat to such chemicals, appropriate bioassays conducted in the Syrian hamster may provide valuable data to assist in the assessment of the hazard, if any, of hepatocarcinogenic rodent peroxisome proliferators to man.
